G enthusiasm for DHEA -the celebrity steroid whose exploits are the focus of an impressive proportion of popscience books on cures for aging and the proud possessor of hectares of shelf space in health food stores -seemed to be on fairly steady ground, at least in comparison with the scientific evidence for the antigeric properties attributed to melatonin and royal jelly. Epidemiological evidence suggested associations between low DHEA levels and high relative risks for breast cancer' and cardiovascular disease? Studies of the metabolic effects of DHEA suggested that it might help to protect against the atherogenic effects of adult-onset diabetes and obesity.3 A single injection of DHEA into old mice was said to correct many aspects of immunosenescence, including poor primary and secondary antibody responses to neoantig e m 4 Aging mice given high doses of DHEA in their food were lighter, had lower rates of kidney failure, and were cancer-resistant.' Besides, there was so much of it in young adults, and its levels declined so convincingly in older people, that it just had to do something good, didn't it?
New data and new arguments have begun to temper the excess of enthusiasm for this mysterious steroid. Follow-up studies have shown that high DHEA levels in mid-life do not, in the longer term, predict resistance to mortality from cardiovascular illness in men6 or women.' Although high DHEA levels may be associated with resistance to breast cancer among premenopausal women, they seem to confer greater breast cancer risk in postmenopausal ~o m e n .~.~ High levels of DHEA do not seem to convey protection against cognitive failure" or obesity or glucose intolerance." Thus the epidemiological evidence associating high levels of serum DHEA with resistance to the diseases and disabilities of old age is now tenuous at best.
Replications of the initial dramatic reports of immunorejuvenation in mice have been slow in coming, and interpretation of the rodent data has been complicated by the realization that rodents neither make DHEA nor retain ingested DHEA. Our own ongoing intervention trial of lifelong oral DHEA-S in genetically heterogeneous mice has, to date, shown no evidence for positive effects of this steroid on immunological responses or on survival (Miller et al., unpublished data). Similarly, clinical studies of DHEA as a potentiator of immune responses of middle-aged or older people to vaccination have been disappointing, providing little or no evidence for clinical efficacy in trials using influenza or tetanus vaccine^.'^^'^ DHEA administration to postmenopausal women for 3 weeks was found to have no positive effects on T cell proliferation or cytokine production, although the function of natural killer cells in the blood was increased ~ignificantly'~ in this double-blind cross-over study. A singleblind study in which DHEA was administered daily for 20 weeks to a group of older men (average age 64 years) produced no consistent or convincing changes in T cell responsiveness; the transient positive results claimed by these authors seem more likely to represent chance fluctuations over a long series of multiple c o r n p a r i s~n s ,~~ and the study did not include parallel studies of placebo control subjects.
Long-term (6 to 12 month) administration of DHEA to volunteers has little or no effect on objective measures of physiological health.'s*'6 Thus, a 6-month double-blind study of DHEA given at 50 mg/day to 30 volunteers aged 40 to 70 years found no effects on lipid profiles, insulin sensitivity, or body fat; the exception was a small decline in high density lipoprotein levels in women. A second study using DHEA at 100 mg/day for 12 months again found no change in lipid or apolipoprotein levels, lumbar muscle strength, glucose or insulin levels, or bone mineral density. Knee muscle strength increased in the men by about 15%, with the placebo effect responsible for half the change; knee strength decreased in the women. Androgen levels increased significantly among women in both of these studies, exceeding the normal range in the longer study. The only consistent dramatic effect was a psychological one: 67% of the men and 84% of the women in the 1-year study reported improvements in their own sense of well-being while ingesting DHEA.
See also p 1395
The current status of DHEA research suggests that learning more about the basic biology of steroid action should take precedence over the ever-alluring temptation to rush into clinical trials. Hornsby's review suggests a number of questions whose answers might help to point the way to a more judicious selection of physiological targets for intervention. The distribution among tissues of DHEA sulfatases, the ability of target tissues to transform DHEA into active metabolites, the source of and role for DHEA in the central nervous system, the interactions between DHEA and other steroids whose levels (and actions) may vary with age and gender, and the potential role of DHEA in peroxisome regulation -each of these areas is likely to reward additional investigation, and could help to guide a second, and possibly more productive, wave of clinical investigations.
Hornsby's review also provides an admirable example of the place for comparative biology in experimental aging research. One implication is fairly obvious: those of us who work in animal models need to remain watchful for exceptions to our tacit assumption that mice are simply small nocturnal people with prominent whiskers. Much of what we learn about the biochemistry, physiology, neurobiology, pathology, and genetics of mice, rats, dogs, and cats can be applied usefully, with appropriate caution and confirmation, to human biology, but much of it cannot. It is not simply that reports of DHEA administration to rats and mice will need to be re-labeled "pharmacology" rather than "hormonereplacement" studies, but rather that investigations of the action of this steroid in animals will need to take note of species-specific peculiarities in its uptake, transport, metabolism, excretion, and cellular actions, which may be very different in species that differ more than 100-fold in the natural levels of circulating DHEA. (The demonstration that nearly all common strains of laboratory mice lack the enzymes needed to synthesize melatonin'' has led to a similar reassessment of the reported effects of pineal transplants and melatonin inhibitors in aging mice.) The second implication is less discouraging: the restriction of DHEA to humans, chimps, and their close relatives, while arguing against an important general role of DHEA in mammalian aging, is consistent with the idea that this hormone may indeed play a key role in the timing of human life-history events. Evolution of long-lived primates has involved strong selection for genes that delay sexual maturation and for genes that postpone diseases to ages beyond those of full reproductive maturity. Physiological traits that sharply distinguish humans from their shorter-lived cousinssuch as the unexplained predominance of DHEA among circulating human steroids, and its careful age-dependent regulation -may provide key clues as to how these antigeriatric tricks are accomplished.
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